Fast Acquisition of Two-Dimensional NMR Spectroscopy in Inhomogeneous Fields by 王楚楚
 学校编码：10384                                       分类号  密级    
学号：33120121152680                                          UDC    
 
 





硕  士  学  位  论  文 
   
 
不均匀场下快速获取高分辨二维核磁共振谱的研究 





指导教师姓名：林雁勤  副教授 
专  业 名 称：无线电物理 
论文提交日期：2015 年 04 月 
论文答辩时间：2015 年 05 月 
学位授予日期：2015 年   月 
  













 评    阅    人：       




















另外，该学位论文为（             ）课题（组）的研究成果，








































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，


















































 目     录 
中文摘要 .....................................................................................................i 
英文摘要 .................................................................................................. iii 
第一章 绪论 ................................................................................................ 1 
1.1 分子间多量子相干实验现象 ................................................................. 1 
1.2 分子间多量子相干理论 ......................................................................... 2 
1.2.1 CRAZED 脉冲序列.................................................................................. 2 
1.2.2 经典远程偶极场方法............................................................................... 3 
1.2.3 iMQC 的两个基本假设 ........................................................................... 6 
1.2.4 iMQC 的量子理论 ................................................................................. 11 
1.2.5 量子-经典理论....................................................................................... 13 
1.3 分子间多量子相干的应用 .................................................................... 14 
1.3.1 测量微观结构......................................................................................... 14 
1.3.2 磁共振成像及功能磁共振成像............................................................. 14 
1.3.3 高分辨率核磁共振谱............................................................................. 15 
1.4 分子内多量子相干 ................................................................................ 16 
1.4.1 分子内多量子信号的检测..................................................................... 16 
1.4.2 分子内多量子 NMR 的应用 ................................................................. 17 
1.5 论文结构 ................................................................................................ 19 
第二章 不均匀场下基于分子间多量子相干的快速J分解谱 ............... 25 
2.1 引言 ........................................................................................................ 25 
2.2 分子间多量子相干技术在不均匀场下获取高分辨率谱的应用 ........ 26 
2.2.1 分子间零量子相干................................................................................. 26 
2.2.2 分子间双量子相干................................................................................. 27 
2.2.3 分子间单量子相干................................................................................. 28 
2.3 不均匀场下基于分子间零量子相干的快速 J 分解谱 ........................ 29 
2.3.1 理论描述................................................................................................. 29 
2.3.2 实验方法与材料..................................................................................... 33 














2.4 本章小结 ................................................................................................ 36 
第三章 不均匀场下基于分子内多量子相干的快速J 分解谱 ............. 40 
3.1 引言 ........................................................................................................ 40 
3.2 不均匀场下基于分子内零量子相干的快速二维 J分解谱 ................ 42 
3.2.1 理论描述................................................................................................. 42 
3.2.2 实验方法与材料..................................................................................... 47 
3.2.3 实验结果与讨论..................................................................................... 47 
3.3 本章小结 ................................................................................................ 50 
第四章 总结与展望 ................................................................................ 55 
4.1 全文总结 ....................................................................................................... 55 
4.2 展望 ............................................................................................................... 57 
论文发表情况 .......................................................................................... 59 



























Chinese Abstract ........................................................................................i 
English Abstract ...................................................................................... iii 
Chaper1 Preface ........................................................................................ 1 
1.1 Phenomena of intermolecular multiple-quantum coherences ............ 1 
1.2 Theoretical treatment of iMQC ............................................................. 2 
1.2.1 CRAZED pulse sequence ......................................................................... 2 
1.2.2 Classical treatment-distant dipolar field ................................................... 3 
1.2.3 Two presuppositions of iMQC theory ...................................................... 6 
1.2.4 Quantum treatment of iMQC theory ....................................................... 11 
1.2.5 Quantum-classical treatment ................................................................... 13 
1.3 Applications of iMQC ........................................................................... 14 
1.3.1 Exploration of microstructures ............................................................... 14 
1.3.2 MRI and fMRI ........................................................................................ 14 
1.3.3 High-resolution spectra in inhomogeneous fields ................................... 15 
1.4 Intramolecular multiple-quantum coherences ................................... 16 
1.4.1 Detection of intramolecular multiple-quantum coherences .................... 16 
1.4.2 Applications of intramolecular multiple-quantum coherences ............... 17 
1.5 Structure of this dissertation................................................................ 19 
Chaper 2 Fast Acquisition of 2D J-resolution spectroscopy in 
inhomogeneous fields based on iMQC .................................................. 25 
2.1 Introduction ........................................................................................... 25 
2.2 Applications of iMQC in obtaining high-resolution spectroscopy ... 26 
2.2.1 intermolecular zero-quantum coherences ............................................... 26 
2.2.2 intermolecular double-quantum coherences ........................................... 27 
2.2.3 intermolecular single-quantum coherences ............................................. 28 
2.3 Fast Acquisition of two-dimenstional J-resolved spectroscopy in 
inhomogeneous fields .......................................................................................... 29 
2.3.1 Theoretical description............................................................................ 29 













 2.3.3 Results and discussion ............................................................................ 34 
2.4 Conclusions .................................................................................................... 36 
Chapter 3 Fast Acquisition of J-resolution spectroscopy in 
inhomogeneous fields based on ZQC .................................................... 41 
3.1 Introduction ................................................................................................... 41 
3.2 2D High-resolution spectra based on ZQC in inhomogeneous fields ....... 42 
3.2.1 Theoretical description ............................................................................. 42 
3.2.2 Methods and materials ............................................................................ 47 
3.2.3 Results and discussion ............................................................................ 47 
3.3 Conclusions .................................................................................................... 50 
Chapter 4 Summary and prospect ........................................................ 55 
4.1 Summary ........................................................................................................ 55 
4.2 Prospect .......................................................................................................... 57 
Publications ............................................................................................. 59 


















作者简介：王楚楚，女，1990 年 9 月出生，2012 年 09 月师从于厦门
大学林雁勤副教授，于    年   月获硕士学位。 
中   文   摘   要 













一、简要介绍 iMQC 的研究历史和进展，并以 CRAZED 脉冲序列为例，详
细地讨论了 iMQC 的三种理论:经典理论、量子理论和量子-经典理论。简单地介
绍了 MQC 的检测方法和应用范围。 
二、本论文将分子间多量子相干技术应用于获取不均匀场下的高分辨二维谱
中，设计了一种能够在不均匀场下快速获得高分辨二维 J 分解谱的 iZQC-JACQ
脉冲序列，结合折叠校正技术和 J 采样模块，最后通过数据处理将三维数据投影
到二维平面，能够快速获得高分辨二维 J 分解谱，实验时间控制在几分钟级，大















ZQC-JACQ 脉冲序列，结合分子内零量子相干技术和 J 采样模块，最后通过数据
处理将三维数据投影到二维平面，得到高分辨率二维谱。使用升降算符理论对
ZQC-JACQ 脉冲序列进行了详细的推导，获得了其信号表达式，并使用溶液样




















Fast Acquisition of High-resolution Two-Dimensional NMR 
Spectroscopy in Inhomogeneous Fields 
Wang ChuChu 
ABSTRACT 
In 1946, Bloch and Purcell discovered the phenomenon of nuclear magnetic 
resonance (NMR), ever since it has been widely utilized in physics, chemistry and 
other fields of science. NMR has received the Nobel Prize five times in physics, 
chemistry, biology and medicine, demonstrating its great vitality and broad prospect. 
High-resolution NMR spectroscopy always relies on homogeneous magnetic fields. 
The inhomogeneity of magnetic fields will introduce phase and frequency variations 
to NMR signals, causing line broadenings and severing signal-to-noise ratio (SNR) 
losses. Unlike homogeneous liquid samples, there are many circumstances where the 
magnetic field homogeneity is degraded by the intrinsic susceptibility gradients and 
physiological motions in biological samples, which precludes NMR spectral analyses 
and often cannot be completely eliminated with conventional field shimming and 
locking methods.Intermolecular multiple-quantum coherences (iMQCs) originating 
from distant dipolar interactions between spins rely on the relative homogeneity of 
magnetic field within the dipolar correlation distance. Therefore, iMQC can be used 
to acquire high-resolution NMR spectra in inhomogeneous fields. Because of 
insensitivity to field inhomogeneity in zero-quantum coherence, the zero-quantum 
coherence (ZQC) can also be used to obtain high-resolution NMR spectra in 
inhomogeneous field. In this study, we report two schemes to obtain 2D 
high-resolution NMR spectroscopy in inhomogeneous magnetic fields. Our work is 
summarized as follow: 
1. Firstly，the developing history of iMQCs is briefly introduced, then we 













 The theories of iMQC include classical, quantum, quantum-classical treatments. After 
that, we briefly summarize the applications of MQC. 
2. We present a pulse sequence based on iMQC termed as iZQC-JACQ 
combining the fold-over correction scheme with the J-detection module to obtain 
high-resolution 2D J-resolved spectroscopy in inhomogeneous fields. After data 
processing, three-dimensional data will be projected to a two-dimensional plane, and 
high-resolution 2D J-resolved spectra are obtained. The total experiment time can be 
controlled at the order to several minutes, greatly improving the experimental 
efficiency and promoting applications of high-resolution 2D J-resolved spectroscopy. 
3. A NMR approach based on MQC termed as ZQC-JACQ is proposed to 
obtain high-resolution 2D spectroscopy in inhomogeneous fields. After data 
processing, three-dimensional data will be projected to a two-dimensional plane, and 
high-resolution 2D spectroscopy will be obtained. Chemical samples are used to 
investigate the feasibility of the ZQC-JACQ sequence, offering the possibility for 
biological-sample applications. 
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